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cppofed to each other, South to South 5 the Filings 
produced the fame Appearance of Repulfion, as de« 
fenbed in rhe fifth Experiments then the Bars being 
brought fo near as to touch each other at the fame 
Poles, the Rcpulfton was inftantly changed into At- 
traction. 



III. A Difcourfe concerning the Ufefulnefs of 
Thermometers in Chemical Experiments ; 
and concerning the Principles on which 
the Thermometers now in U/je have been 
conftrucled ; together with thf Defer iption 
and Ufes of a Metalline Thermometer, 
newly invented by Cromwell Mortimer 
M. 2). Sec. R. S. &c. 

Read May 2. 1735. /CHEMISTRY beins the moft ex- 

here printed HAHthjom em r » ^ »-. . , 

Alterations, \*J tenfivc Branch ot Experimental 

Pniiofophy, hath furniih'd Mankind with the greaieft 
Number of curious and ufefui Difcoverics; for not 
only the Art of fcparating Metals from their Ores, of 
which Metals are form'd fuch Variety of ufefui In- 
ilruments, but likewife Cookery, which is fo much 
concern d about the Food of Mankind during Health, 
and aifo Pharmacy, which furnifhes Medicines for 
the reftoring Health when loft, the Art of Dyeing, 
and many other ufefui Manufactures, all owe their 
Improvements to this Science 5 many of which have 
been light on unexpectedly by the Operator, while 

4* *^ 
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he had fomcthing elfc in View : but in many Cafes 
the Chcmifts complain, that, having once acciden- 
tally light on a curious Experiment, upon endea- 
vouring to repeat it, they have never been able to 
make their Proccfs fuccccd exadlv, as it did the 
firft time, notwithftanding that they made vie of 
the fame Materials, in the fame Quantity, and con- 
cluded the Proccfs thro' exa&ly the fame Operations. 
Where then muft the Caufe of the Mifcaniagc lie > 
Surely in the Degree of Heat made ufe of in the 
two Experiments: For, in many common Opera- 
tions, how ufual is it for a Preparation to be fpoiJed 
cither by too little, or, moft commonly, by too 
much Fire, too long or too fliort a time applied! 
In order therefore to prevent thefe many Mifcar- 
riages, I would, advife the Chcmift, in his Ope- 
rations, to obferve his Clock with as much Exa£t> 
nefs as the Aftronomcr doth in his Obfervations ; 
and in order to know to a Certainty the very De- 
grees of Heat he ever made ufe of in any Proccfs, 
that fo he may be able to repeat and continue the 
fame again in any Repetitions of the fame Experiment, 
let him have his Laboratory furnilh'd with various 
Sorts of Thermometers, proportion^ to the Degree 
of Heat he intends to make ufe of. He will find 
thefe Instruments as ufefui to him in his ProcefTcs, 
as they have proved to the curious. Gardener in his 
Stoves, who by them is taught to keep his Plants in 
the fame Degrees of Heat, as are natural to them in 
their refpe&ive Climates $ which hath been fet forth 
in Tables, after a very ingenious manner, by Mr* 

S f f f z Sheldrake 
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* Sheldrake of Norwich. And bcfidcs the enabling 
him ro perform his Operations with morcExa&ncfs, 
thefc InftrumCnts would favc him a great deal of 
Fuel ; for as Liquors, while boiling, are not capa- 
ble of receiving a greater Degree of Heat, all Fuel 
which is ufed more than to keep them in that State 
is ufelcfs 5 and the like happens in many other 
Cafes. 

Thcfe Inftrnmcnts would alfo be of great Service to 
Mai titers, Brewers, Diftillers,and Vinegar-makers ; for, 
by Thermometers placed in different Parts of the Heap 
of wetted Malt, the proper Heat for its fprouting 
might be determined, and then regulated : The fame 
for the Heat of the Kiln when the Malt is fprcad on 
it. By Thermometers the Brewer may afcertain the 
Heat of the Water when he pours it upon the Malt, 
the Heat of the Wort when he fets it to work, and 
the Heat while working : And in the like manner 
the Diftillcr and Vinegar-maker, in a Word, every 
Artificer, who employs Heat in his Bufincfs, may 
by thcfe Inftruments be certain of every Degree nc- 
ceffary in each Part of his Woak. 

Many Experiments fhew, that all known Bodies, 
whether fluid or folid, increafc their Bulk or rarefy 
by an Addition of Heat > and, on the contrary, con- 
trad or become more denfe by the Diminution of 
Heat, which is the Prefence of Cold : And thcfe 
Alterations arc always more or lefs icnfiblc in pro- 
portion to the natural Rarity or Denfity of the 
Bodies, The 



* Now Trufs-maker ovcY again ft the End of Svjfolk-Jlreet near 
Cbaring-Crofs, London, 1748. 
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The Air we live in, as it is the mod rare 
and light Fluid, fo are its Alterations the mod fen- 
Hblc 5 and indeed I know of no Experiments which 
determine how far it is capable of being expanded 
by Heat, or condenfed by Cold ; only wc find that 
it will make its Way thro' any Fluid in which it lay 
dormant, when its elaftic Property is rouzed by the 
Approach offuch an Heat as will make the Fluid boil. 
On the other hand, when compreft'd by a Fluid fo 
contra&ed by Cold, as to freeze, or become folid, 
its Elafticity will only bear a certain Degree of Com- 
prefllon, till the Force wherewith it endeavours to 
reftore itfelf, exceeds the Force by which the Parts 
of the Solid, that confines it, adhere to each other, 
and fo burfts its Prifon ; as wc often fee during hard 
Frofts in Ice, and like wife Glafs, and other hard Bo- 
dies, whofe Parts cannot ft retch. 

Next to Air is Alcohol* or the hi-cheft rcftified 
Spirit of Wine : This, Water, and all other Liquids, 
arc capable of receiving no greater Degree of Heat 
than what makes them boil, as was firft demonstrated 
by Monficur Amontons, a Member of the Royal 
Academy des Sciences at Taris; but that ingenious 
Inventor of the Quickfilver Thermometer Mr. Fah- 
renheit hath difcover'd, that when the Barometer 
marks a greater Preflure of the Atmofphere, the 
fame Liquor will receive 8 or 9 Degrees more of 
fckat than when the Barometer is at the loweft. 
From hence the great Profcflbr Boerhaave gives the 
Hint, that, from nice Experiments being made of 
the different Degrees of Heat mark'd by a Thermo- 
meter in boiling Water compared with the differ- 
ent Heights of the Barometer, and Tables formed 

upon 
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open them, a Thermometer applied to boiling Wa- 
ter might, at Sea, where the Motion of the Ship 
hinders Obfervations with the Barometer, ferve to 
determine the Difference of the Graviry of the At- 
mofphcrc. See his Chcmrjlry, Tom. I. p. 171. 

Thcie, and ail other Liquids, by a certain deter- 
minate Degree of Cold peculiar to each fort, lofe their 
Fluidity, and freeze, or become folid, but not in the 
fame Order as by Keat they boil ; for by Cold Oil or 
Waver is fooner frozen than Spirit of Wine,tho' Spirit 
of Wine wiil boil iboncr than Oil or Water. Alliblid 
Bodies likewife,asMinerals, Metals, and even Stones, 
will become fluid, or melt, at a certain Degree of 
Heat peculiar to each Species -, and, when thoroughly 
melted, it is probable they arc capable of receiving 
no higher Degree of Heat? and, on the Abfence of 
that Heat to a certain Degree, they all return to 
their natural folid State. Hence we may reafonably 
conclude, that Solidity is the natural State of all Bo- 
dies; and that fome are only accidentally fluid, be- 
caufe their Conftitution is fuch as to melt by thofe 
Degrees ofH;:at which our Atmofphere is moft com- 
monly fubjed to. All folid Bodies are obferved to 
contract themfelves into fmaller Dimenfions by Cold, 
and gradually to expand themfelves at the Approach 
of Heat, till at laft, being by Heat fore d to the greateft 
Degree of Expanfion, the Particles of which they are 
compofed lofing their Cohefion, they become fluid j 
but no Experiments have yet been made, which de- 
termine whether Solids, expofed to Cold beyond 
certain Degrees, will ceafe to contract any more. 

The learned Dr. MufchenbroekjYtoi. of Aftronomy 
at Utrecht, and F. R. S. hath lately invented a very 

ingenious 
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ingenious Inflrumcnt, which he calls a 'Pyrometer 
and which Dr. "Defa^nl/ers hath made feme Im- 
provements to * 5 a full Dcfcription of which he 
hath given in his Courfe of Experimental Philofo- 
phy, Vol. I. /. 421. ^r. By this Instrument the 
Elongation of Rods of feveral Sorts of Metals by the 
Approach of a certain Number of Flames of a Spi- 
rit-Lamp, and likewife their as fudden Contraction, 
on the cxtinguifliing one or more of thofe Flames, 
is renderd lcniible to the Eye: Which fufficicntly 
evidences the Matter of Faft, and puts it beyond all 
Doubt. 

From the above-mention'd Property of Bodies 
contracting and expanding in Cold and Heat, have 
all Thermometers been conftruded, that have ever 
been made ufe of in order to obiervc and compare 
the different Degrees of Hear, cither in our Atmo- 
sphere, or in other Bodies. The moft fimplc and 
1110ft lenfiblc of any is that aercal Thermometer dc- 
fcribed by the great Mr. Boyle> in his New Experi- 
ments and Observations 'touching Cold, Land. 1683. 
4/0. p. 39- It coniifts of a glafs Bubble, with a 
very {lender Stem not bigger than a Raven's Quill. 
The Bubble is left full of Air, and a few Drops of 
Water being conveyed into the Stem in an ere& 
Pofition, wiil there remain fufpended to a certain 
Height 5 but, by the leaft Addition of Heat, the Air 
in the Bubble expanding will pufh the Water up 



higher 



* This Inftrument hath fince been greatly improved by that ingenious 
Watch-maker Mr, John Ellicot, F, R„ & See HiL Tranf. N°, 443, 
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higher ; or, by the Approach of Cold, the Air con- 
tracting, the Water will fall lower in the Stem. This 
Inftrumcnt may be of Ufc in fmall Degrees of Heat, 
and in Cold, till the Water begins to freeze, when 
it becomes ufclcfs. 

The next in Order of Senfibility is that firft in- 
vented by Cornelius 'Drebbelius of Alomar, and 
improved by Boerhaave. (Sec \\\%Chemiftry> Tom, I. 
p.i52,c^*53-) fr confifts of an hollow glafs Lens 
joined to a Stem of a larger Size than in the pre- 
ceding, and a Bafon into which the End of the 
Stem is inverted. The Air in the Lens muft be fo 
much rarefied, that the Stem being inverted into a 
tinged Liquor in the Bafon, the Liquor will rife up 
fomc way in the Stem 5 then, by the Application 
of Heat to the Lens y the Liquor in the Stem will be 
pufh'd down, and by Cold the Liquor will rife up. 
This Inftrument will give Notice of the fmalleft 
Changes in the Air; but it cannot be immerfed 
into any Liquid for chemical Experiments, unlefs 
the Stem were made much longer, and bent down 
in Form of a Syphon: But even then it would be 
very unhandy, and, like the preceding, it would 
never ferve for any Degree below what would 
freeze the Liquor made ufe of, nor for any above 
what would force out the confined Air through the 
Liquor in the Bafon. Befides, both thefe Inftru- 
nients, being fubjeft to the Preffure of the Atmo- 
fphere, are not proper, without comparing the Ba- 
rometer at the fame time, to determine the Degrees 
of Heat at a great Diftance of Time between each 
Experiment. 

The 
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The moft ufual Sort of Thermometers is that de- 
feribed in the Account of the Experiments by the Aca- 
demy of Cemento; which being the common ones, 
made of Spirit of Wine ting'd,it is neediefs rodefcribe. 
The Bounds of the Degrees of Heat which thefc 
will meafurc, and which is commonlv called the 
Range of the Inftrument, are from the Degree 
which freezes Spirit of Wine, up to that which 
makes it boil. The Spirit-Thermometers, commonly 
made here in London, are fo graduated, that when 
the Spirit is rarefied to the Degree that the moft 
fultry Sunlhine commonly known in our Climate 
of 51°^. N. Lat. can raifc it, there is placed the 
Mark o. or Degree of no Cold. Some few are 
mark'd 10 or 20 above this, if they are defign'd to 
be ufed in hotter Climates 5 but all are graduated 
downwards from this : So that the 45 °. is the Point 
of temperate, and 65 . is the Point of freezing, 
and ioo°. is plac'd juft above the Ball. But the 
moft accurate Spirit- Thermometers are thole lately 
made by the ingenious Mr. Reaumur, Member of 
the Royal Academy of Sciences at Tar is ; he hath 
taken a great deal of Pains, and ufed great Exactness 
in fixing the certain Points of freezing of Water, 
of temperate Air, and boiling Water. He deter- 
mines the freezing Point, by leaving his Thermo- 
meter a confiderable time in Water, into which is 
put a good deal of Ice, at a time when the Water- 
would not freeze of itfelf 5 and this he marks o. or 
the Degree of no Heat 5 and his Scale is mark'd 
with Numbers running downwards from o. mea- 
furing the Degrees of Cold, and upwards mcafuring 
the Degrees of Heat: At 10-f upwards he marks 

T 1 1 1 the 
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the Point of Temperate, which he determines by 
placing his Inftrument in a fubterranean Cavern, 
which is neither affeftcd by Froft nor Sunfhine^ but 
is obferved to keep an equable Temperature all the 
Year round; fuch as deep Cellars and Wine- Vaults 
commonly do. In boiling Water he finds that his 
Thermometer rifes to his goth Divifion,* or 80 De- 
grees, which are formed by dividing the* Spirit when 
condenfed to the freezing Point, into 1000 equal 
Parts 5 fo that, with the Hear which makes Water 
boil, the Spirit is expanded only -*•£-, more than 
with the Cold which freezes Water, 

Thcfc Spirit-Thermometers are of Vfc in Experi- 
ments where fomewhat greater Cold than the freez- 
ing of Water is required 5 but they can never be of 
Ufe in any Degrees of Heat beyond the boiling of 
the Spirit itfeifi becaufe it then becomes volatile, 
or rifes up in Steam, and not only expands no more, 
but likewife the Quantity is diminifhed by the Parti- 
cles which fly up from the Surface of the Liquor, 
and are fufpended in the Top of the Tube. 

Many have filled their Thermometers with various 
Sorts of Oilsf-: Thefe indeed will meafure many 
Degrees above the boiling of Water, till they boil 
thcmfclves , and then they have the fame Defed as the 

Spirit 



* But, with Submiffion to fo great a MUn, I cannot apprehend 
that his Thermometers, when the Spirits are raifed up to 80 do 
mark any greater Degree of Heat than their own fpecific boiling 
Heat, which, if they are Akohol^ or the moft rectified Spirits, an- 
fwer to 174. of Fahrenheit's Scale 5 if of the Strength of common 
Brandy to 190. f See Dr, Martin's E flays Med If Phihu 

p, 225, 
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Spirit ones jufl: mentioned, which is the Liquor lofing 
of its Bulk by Evaporation 5 and they congeal much 
fooner than Water, and fo are ufclefs in meafuring 
any Degrees of Cold. 

The mod ufeful Inftruments, as they compre- 
hend the Jargcft Range, are the Mercurial Thermo- 
meters, which were brought into Ufc by that In- 
genious Artificer Fahrenheit \ F. i?. S. (See ThiL 
Tranf. N°. 381.): But, to do ]ufticc to a moft wor- 
thy Member of the Royal Society, namely, Dr. 
Halley 7 he firft gave the Hint, and even propofed 
the making Thermometers of Quickfilvcr long be* 
fore Fahrenheit's Time (See ^PhiL Tranf N°. 197. 
p. 652.). However, Fahrenheit defcrves Thanks 
from the World for having brought thefe Inftru- 
ments into Ufe, becaufe they will mcafurc the 
grcatcft Degrees of Cold yet known ; for no Cold 
hitherto obferved hath been able to freeze or render 
Mercury folid : And in meafuring Heat, they go far be- 
yond boiling Water, even beyond the melting of Tin 
or Lead. Fahrenheit begins his Scale from o. the 
Point to which the Mercury hath been obferved to 
fall by the grcatcft Cold in Tjland ; and com 
putcs, that the Mercury then * occupies i 1 124 Parts. 
This is his Point of no Heat. Then reckoning up- 
wards from this, he finds that when the Mercury 
is rarefied only 32 Parts or Degrees more, common 
Water juft begins to freeze; In a temperate Air ir 
will rife to about 60. The moft fultrv Sunfhiae 
icldom raifes it to 90 ; Vac Heat of an animal Body 
1096 $ the boiling of Alcohol to 174; the boilinu 

of 



- See Bccrk. Chcm. Tom. I. />. J 7 4- 

Kit 2 



[ 682 ] 

of Water to 2125 and before the Mercury itfclf 
boils, it will rife to 600. 

I cannot here forbear giving an Abftrad: of a very 
curious and furprifing Experiment of Fahrenheit\ t 
concerning the artificial Produdion of Cold, as it is 
related by Boerhaave in his Chemijiry, Tom. L p. 1 64* 
Fahrenheit had a MercurialThztmomztzt made with 
fo Ions; a Stem, that he could carry down the Scale 
76 Parts or Degrees below o. With this Inftru- 
ment he found, that Cold might be produced by 
gradually pouring Spirit of Nitre upon powdcr'd 
Ice, till the Mercury would fubfidc to 40 below o. 
that is 72 * lower than the Cold which freezes com- 
mon Water. Boerhda<ve> in his Chemiftry^ Tom. I. 
p. 161. mentions a very pretty Way of determining 
the freezing Point: He advifes to hang the Thermo- 
meter free in the open Air, not againft any Wall 
or Buildings and near it you muft hang a Piece of 
very fine Linen or Muflin juft dipped in clean Wa- 
ter : When this begins to grow ttiff, you will find 
the Mercury ftand at about the 33d Degree ; and it 
will alio ftand at the fame Height when an hoar 
Froft appears upon the Ground 5 which he looks 
upon as a certain Sign of the Beginning of freezing. 

Having thus given an Account of the fevcrul Sorts 
of Thermometers hitherto ufed, and what Degrees of 
Heat they arc proper to meafure, we find none of 
them capable of mcafuring the greater Degrees 
of Heat, which arc the moft commonly made ufc 

of 



* Bat what is this to the marvellous natural Cold of Siberia, 120°. be- 
low o ? See the Preface to Gmclinh Flora Siberica, Petrop. 1747, 4;^ 
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of by thcChcmifts in many of their Operations. Bc- 
jfides, all the above Inftrumcnts, being made of 
Glais, are cafily broken by Accidents, and as liable 
to crack of themfclves, by being taken out of a 
great Hear, and too fuddenly expofed to Cold. I 
therefore confidcr'd whether the abovc-mcntion'd 
Property of Solids, and cfpecially of Metals con- 
tracting with Cold, and expanding with Heat, might 
not be applied to the Conftru&ion of an Inftrumcnt 
capable of mcafuring all Degrees even of the grcatcft 
Cpld, as well as the grcatcft Heat, to the melting 
Copper or Iron, which require more Hear than any 
other Metals to melt them. Altho* the Alterations 
in Metals are but fmall, in refped of thofe in Spi- 
rits, or even Mercury, yet it being found, that Iron, 
e. g. becomes ~ longer * when red-hot, than when 
of its natural Temperature; and Dr. c T)erham y in 
his laft Paper read before the Royal Society concern- 
ing the Vibration of "Pendulums* fays, that a Rod 
2 cT.-IL 6 Inches lone, becomes ~ Inch longer than irs 

J * loco ^ u 

natural Dimcnfions in temperate Air, by being ex- 
pofed to Heat equal to that of an human Body ; 
~- Inch longer in hot Sunfhine; that it was -5- or i 
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Inch longer than its natural State, by being heated in 
a flaming Heat; that it became 7-5 fhortcr than its 
natural Length by being quenched in cold Water ; 
and flill r ~r Shorter, by being put into a Mixture of 
Salt and Snow. From which Experiments one may 
conclude, that from Fahrenheit's Cold of 40 beJow 
o. to the greatcft Heat Iron can bear without melt- 
ing, a Rod of three Feet Jong will have about JL Inch 
Increafe 5 which Incrcafe of Length will be Ranuc 

enough 

* Vide Sturm, Call. 
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enough to make all the intermediate Degrees obferv- 
able upon an Instrument. 

Suppofe in Fig. i . Tab. II. AB a Rod of Iron at its 
natural Length by the Heat of the Atmofphere, placed 
upright upon one End ; upon the Point of that refts 
a Bar CI) moveable on an Axis at a ; and that, by 
making a Fire about the End B of the Rod, till it 
is juft ready to melt, the Rod will incrcafc in Length 
A b y and confequently pufh the Bar into the Situa- 
tion cd. Now it is obvious to any one who under* 
(lands ever fo little of Mechanics, that tho* the Elon- 
gation of the Rod Ab be even fcarcc perceptible to 
the Eye, yet if upon the Bar CD the Diftance aA 
from the Axis to the Place where the Rod BA pufhes 
againft it be very fmali, and the other Part of the 
Bar a c D very long, the Arch c Dd may be incrcafed 
at Plcafure, fo as to bear to be divided into any 
Number of Divifions that fhall be found ncccilarv : 
For the Arch *Dd will alw r ays be to the Arch Cc in 
the fame Proportion as the Diftance *D a is to aC; 
and likewife the Chords of thefe Arches 'DdmdAb 
will be in the fame Proportion ; y 7 cT, is the Situation 
of the Lever on the Level 5 and if it be found inconve- 
nient to make the Arm a¥) fo long, as to make verv 
minute Alterations in the Length of the Rod AB 
eafiiy obfervablc, this Inconvenicncy may be readily 
removed by having a fecond Bar EF> turning on the 
Axis g 7 whofe Ami gE bearing up againft the Ex- 
tremity jD of the firll Bar or Lever, will rile with 
if, or be prefs'd down by it ; and vac ether AvrngF 
being lengthen'd at Plcafure, the Arch Ffwill be 
as large as you find convenient; or even a third and 
fourth Lever may be added. 

When 
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When I firft dcfigned to have an Inftrument con- 
ftruded anfwering to the foregoing Principles of 
Fig. i. I drew a figure of it, wherein I propofed 
the Lever AD to have terminated in two Arches of 
Circles made out of one Piece of Brafsj the fmaller 
Arch formed on the Pvadius aA to be loaded with 
a Quantity of Metal futHcicnt to overcome all the 
Friction of the fevcral Parts, fo as to prefs down 
with a confiderablc Weight, and always to reft upon 
the Point A of the upright Rod AB - y at a the Axis, 
on which they were to turn 5 and the larger Arch 
form'd on the Radius cfD, was propofed to be a Sex- 
tant, the outward Edge of which was to be toothed, 
which Teeth were to play into the Teeth of a fmall 
brafs Wheel carrying a ftcel Index like the Minute- 
hand of a Clock, which fmall Wheel with the Hand 
was to make one Revolution nearly by the utmoft 
Rife and Fall of the Sextant at T> $ or, inftead of 
Teeth, I propofed a Piece of a Watch-Chain to be 
faftcn'd to the upper Limb of the Sextant, and fo to 
be brought downwards, and palling nearly round 
the fmall Wheel in one Groove, to be faften'd to it : 
In another Groove in this fmall Wheel was another 
Piece of Watch-Cham to be faflend, which, being 
pafled contrarywife round the laid Wheel, was to 
have a Weight hung to it that would be a Counter- 
poife to the Sextant 5 bur, upon confulting my two 
ingenious Friends Mr. Geo. Graham and \lr.John 
Eilicot two worthy Members of this Society, they 
each of them pcrfuaded me to lay afidc that more 
complexcd Conftruction, and to have the Inftrument 
made in the plain and fimple manner in which Mr. 
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Jackfon executed it for me in the Year 1736. as is 
repreiented in Fig. 2 and 3 • Tab. II. 

The c Defcription of the Injirument. 

Fig. 2. AB a round Rod of Steel or Brafs a Quar- 
ter of an Inch thick, and 3 Feet 1 Inch long: 
When the Rod is of Brafs 3 Feet long, the Point 
A muft be of Steel 1 Inch long, to prevent its 
wearing away, or lofing its Point ; which conical 
Point is made to fcrew on and off. 

I had the firft Rods made i|Inch thick at /?, and 
of the fame Thicknefs 6 Inches upj but I found 
Inconveniences from that Form, and that a Rod all 
of a Size was better. 

C'I), cdj are two iron Supporters, joined by a 
flat crofs Bar at Bottom *Dd two Inches long, in the 
middle of which is a Point \ Inch high under B y which 
sioes into an Hole at the Bottom of the Rod B, and 
Ws .0 keep the Rod in its Place at Bottom, as the 
crofs Bar** having an Hole in it, thro' (which the 
Rod paffes, does in the middle or about -f up the 
Supporters, and the Poinr A goes into a fmall Hole 
in the under Side of the Lever j all which keep the 
upright Rod firm and fteady in its Place. The iron 
Supporters are flat, or parallel to the Front of the 
Machine from C to X and c to x, where they are 
twiftcd half-round, fo that the lower Parts XT), 
xd ftand at right Angles with the upper Parts. This 
Contrivance <nves the freer Accefs to the Rod for the 
Sand or Fluid into which the Machine is fcr to 
meafurc the Heat of it, the Supporters (landing z 
Inches afundcr at T)d> and that the Degrees of Heat 
2 may 
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may be compared uniformly in different Experi- 
ments, the Bottom of the Rod muft a- ways be i:n 
merfed to the fame Height in the Matter to be exa- 
mined j and therefore I make a Mark, a iroail Fur- 
row f quite round the Rod, i± Inch from the Bot- 
tom B. For the deeper the Rod is im merfed into 
any Matter, it will be lengthened the more by the 
fame Degree of Heat. 

EF y the Lever, which turns upon an A;ds G 
At F is fattened a String, which, palling twice round 
the (mail Pulley H y has a Weight I hanging to the 
other End of ir, of about half a Pound, being enough 
to keep the String always ftretch'd. At the other 
End E of the Lever is hung another Weight L T 
which muft be heavy enough not only to counter- 
balance the longer Arm GF y but prefs down uoon iaz 
Point A with a Weight fufficient to keep its fteady. 

MN0 9 is the back Part of the Plate, like the 
Dial-Plate of a Clock made of Brafs. See the Front 
of it at Fig. 3- 

The Pulley H turns upon an Axis C in Fig. 3 . 
which goes thro' the Plate, and on the other Side 
or Front of the Dial-Plate carries a Hand or Index 

*/j. JLt 111 x £%£* **i * 

N. B. G being the Fulcrum of the Lever, the 
Diftance GA being very final!, and the Didaacc 
GF being very great, the fmallcft Motion at A 
will produce a very great one at F, and therefore 
the Index will turn very fenfibly upon the Plate. 
The Proportions of the Rod and Lever arc dis- 
cretionary j my Rods both of Steel and Brafs are 3 
Feet long in one folid Piece, but they have each a 
Point or Cone of Steel 1 Inch high, that krews 

Uuuu upon 
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upon the Top at A. The Lever has 4 Inches from 
E to A, if Inch from A to G, and 12 Inches from 
G ro Fs the Diftancc of G above c is \\ Inch, the 
braft Pulley // is ~ Inch Diameter; all the other 
Parts of the Machine are of Oak. The main Sup- 
port or Pillar "Pj9 is 1 Inch fquare, i\ Feet high, 
and at Bottom is let thro' a Groove at J^made in a 
great heavy Block or Pedefrai of Wood R$. In 
this Groove the Pillar mav be railed higher or lower, 
in order to adjuft the Height of the Pillar to the Si- 
tuation, which the Bottom of the Rod AB may re* 
quire in different Experiments ; and it is to be fixed 
in that Place by a Screw at T, which goes thro' the 
Pront of the Block, and prefles againft the Bottom 
of the Pillar. 

Fig. 3. reprefents the c Dial- c Plate, or Front of the 
Plate mark'd MNO : In Fig*. 2. it is a Plate of 
Brafs, with ftrong Paper glued upon it, and may 
be of what Size you pleafe 5 mine is 1 1 Inches 
over. 

AB is the Hand or Index, which flips on very 
ftiff upon the Axis C, that carries the Pulley H in 
Fig. 2. The outer Circle is to be left wide enough 
to contain the chemical Characters or Marks which 
arc to be made upon it, the Arch T)E contains the 
Divifions of Fahrenheit's Mercurial Thermometer ; 
the Arc FG thofe of Reaumur, or ' the Spirit of 
Wine Thermometer. 

In order to adjuft this Inftrument for Ufe I place 
the Bottom of the Rod B in Fig. 2. immerfed up 
to the Mark *f in cold River or Rain Water, in a 
Veflel proper to be let over the Fire j and when it 

has 
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has boiled for a Quarter of an Hour, I turn the In- 
gcx AB in jF%. 3- till it (lands in the horizontal 
Pofition, as at B, being the Point of boiling-hoc 
Water, and which anfwers to Divifion 212 on Fah- 
renheit's Arch. I then take it out of the Water, 
and dry it, bv holding; it a little over the Fire: And 
now great Care muft be taken, that nothing alters 
the Situation of the Index upon the Axis $ even a 
Nut to ferew on upon the Axis at C may be the 
beft to keep it fixed. If the Instrument be left to 
cool in the Air, the Index will fall below B> fhewing 
the Degrees of Cold, or lefs Heat than boiling Wa- 
ter; and if put into melting Tin, Lead, &c. it will 
(hew the Degrees of Heat above boiling Water. A 
brafs Rod will fcrve for an Inflrument to meafure 
the greateft Degrees of Cold, and all the Degrees of 
Heat, to the melting of Silver or Gold ,* but if you 
have a Mind to make one to meafure greater De 
grecs of Heat, the Rod muft be of Steel, or the fineft 
Iron. A Rod of Brafs, according to Dr. Mufchen- 
broek's Experiments, /. c. was found to lengthen 
377, when one of Iron lengthened only 230 Parts. 
An iron Rod, being regulated by boiling Water, as 
above directed, will meafure not only the Heat of 
melted Tin and Lead, but of Silver, Gold, and Cop- 
per, and will even fliew the Degree when Iron itfelf 
begins to melt, which will be the greateft Degree 
of Elongation of the Rod juft before the Bottom of 
it runs ; and I imagine, that an Inflrument may be 
conftructed with Supporters, and a Rod made of 
Tobacco-pipe Clay, which, being regulated by boil- 
ing Mercury (for it muft never touch Water), may 
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be adapted to meafure fiill greater Degrees of Heatv 
till the Materials themfelves melt into Glafs. 

I fhould advife, that not only the Scale of this 
fort of Thermometer, bat like wife of ail others, be 
determined by Experiments, without regarding any 
Equality as to Meafure between the Divifions, and 
that in every Individual that (hall be made ; for a 
Difference in the Lencth and Thicknefs of the 
Rods in this fort will make a Difference in the Scale, 
as much or more than the Inequality in the Cavity 
of the Stem, or glafs Tube of other Thermometers, 
which can never be juft, if applied to a Scale whofe 
Divifions are made equal 5 unlefs the Cavity of the 
Stem be perfectly equal, which it is impoffiblc for 
any Workman to undertake to do, and which is very 
feldom, if ever, hit on by chance. Therefore, in 
thefe Inftruments, let the Point B in Fig. 3. or the 
horizontal Pofition of the Index, be the Situation of 
the Index when the Rod has flood a Quarter of an 
Hour in boiling Water ; there mark ^ boiling on the 
outer Circle; on Fahrenheit's Arch mark 212. then 
fct your Machine up to the Mark -f- into melting 
Tin, which is the Metal that melts eafkft. When the 
Rod is arrived ro its greateft Elongation in that Me- 
tal, inferibe the Chara&er y on the outer Circle ; 
do the like with Lead, and let the Character % at it. 
At the boiling of Mercury put the Mark S-, and on 
Fahrenheit's Arch mark 600. the utmoft Extent his 
Mercurial Inftrumcnrs can meafure: Then proceed 
to the melting. of Silver, and fet the Mark £5 at 
the melting of Gold place the Mark © 5 at the melt- 
ing of Copper place the Mark $5 at the melting of 
Iron place the Mark <? 5 the moil difficult to melt of 
all Metals. 

A? 
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As the Divifions pointed out by the Index will be 
different with Rods of different Metals or Subftanccs, 
you may make different Circles upon the Plate for 
the Range of the different Rods, and mark them; 
the Iron Rod, the Brafs Rod, the Clay Rod ; and 
fct the fevcrai Marks above fpecified upon each Cir- 
cle apart i or you may, to avoid Confufion, have a 
different Inftrumcnt for each kind of Rod. 

Being obliged to take down my Athanor and 
Wind -Furnace, upon removing twice to different 
Houfcs* and not having rebuilt them where I now 
live, I have not had Opportunities yet of fixing the 
Scale of my own Inftrumcnt, which was one Rca- 
fon why I did not publifli an Account of my Inven- 
tion fooner; for I hope hereafter to be able to com- 
pare the Degrees of Heat ncccflary for the melting 
of each Metal, and to determine the Qucftion whe- 
ther Metals in the higheft Degree of Fuiion arc fuf~ 
ccptibie of greater Degrees of Heat by increaftng the 
Fire, as Water thoroughly boiling can never |be 
made hotter,- nor did I intend to have publifh'd 
any Dcfcription of this Inftrumcnt till I had com- 
pleted Tables of the Degrees of Cold and Heat, from 
Fahrenheit's Experiment of Cold produced by Art 
40 Degrees below o to the Heat of melting Iron. 

According to Fahrenheit's Scale, the Heat of the 
ftrongeft Sunfhinc is at about 80. Spirit of Wine 
boils at 176. Water at 212. the Lixivium of Salt 
ofTartarat 240. Spirit of Nitre at 242. Oil of Vitriol 
at 546. Quickfilvcr at 600 *. 

As 
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As all chemical Digeftions, where an equable 
Heat is to be continued for fometimc together, will 
come in between hot Sunfhinc and the boiling of 
Quickfilvcr, a Thcrmofcopc of that Range will be 
fufficicnt for common Ufcs ; and therefore one fit- 
ted with a brafs Rod will anfwer thefc Purpofes. 

In large Furnaces for running down Ores, or 
melting great Quantities of Mcral together, it is not 
pofliblc to place fuch an Inftrumcnt 5 but then in 
Lead and Tin there may be fmall Outlets contrived, 
into which fomc of the melted Metal may be permit- 
ted to flow, and remain in Contact with the fame Body 
of Metal within, where the Inftrumcnt may be placed * 
and for placing a Thcrmofcopc in Iron, Copper, or 
Giafs Furnaces, there maybe a Place contrived, which 
fliall not open into the Furnace, but have the Thickncfs 
of a Stone or Brick left between, upon which the In- 
ftrumcnt may be plac'd > and tho* in fuch a Situation 
it will not meafure the a&ual Heat within the Fur- 
nace, it will always give the relative or comparative 
Heat in the like Circumftances at different Times, 
and fo ihew us how to regulate the Heat within. 

Altho* a Chemift fliall have one of thefe Inftru- 
ments to meafure the Heat, he fhall have ufed in 
any Experiment, and have noted down the feveral 
Degrees made ufe of, and the Time each laftcd, he 
ftili labours under another Difficulty, which is the 
not being able to command any required Heat, and 
that it fhall laft a certain required Time, unlefs it 
be below that of boiling Water, which may be pro- 
cured and continued by various Contrivances of 
Lamps, either of Spirits, or of Oil ; but how to con- 
tinue a Fire for 12 or 24 Hours together, without At- 
tendance, which fliall continually keep Quickfilver 

boiling 
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boiling, Lead in Fufion, or may be let down fo 
low as not to exceed the Heat of Sunfhine, and then 
he railed a<zain, and that without letrinc; out the 
Fire, or moving the Vcflcls, may feem almoft impracti- 
cable; but by an Improvement of the Furnace the 
nnticnt Chcmifts called their Athanor, I hope to 
iuccccd in it, which may be the Sub) eft of another 
Paper. 

The Rev. Stephen Hales D.D. that mod worthy 
Member of the Royal Society ', to whom the World 
is greatly indebted for many accurate Experiments, 
and iiiciui Difcovcries, upon hearing the Minutes of 
my Paper deliver 'd in to the Royal Society \ on May 
8. 1735. read upon the Thurfday following, defired 
me to lend him the Original for fome Days, telling 
mc he had fome Thoughts of making a Thermo- 
fcope with a Rod of Lead. After a few Days he re- 
turned mc my Paper, with the following obliging 
Letter, and kind Remarks. 



SIR, 

I HAVE read over your Thermometrical TraB with 
Satisfa&ion, and believe it will be of good Ufc. 
The Want of afcertaining the Degrees of Heat and 
Cold is a great and important *DeJideratum in Ex- 
perimental Philofophy. 

What I intended to do was only this, viz. to get a 
leaden Wire, of fuch a Size and Strength as to bear its 
own Weight, to have it as long'as the longed 
Gun-barrel I could procure, and to have it fuftain a 
Lever as you have done 5 then to pour boiling Wa- 
ter into the Barrel, for a long time, till the Lever 
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rifcs no more; the Water to have Vent at the Bot- 
tom, yet fo as to have the Gun-barrel always full 
of Water ; the Brccch-Pin to be out, and the leaden 
Rod to reft on a Piece of Wood fct upright, ac- 
cording to the Courlc of its Fibres, not fideways. 

To give at the fame time to a Mercurial Thermo- 
meter the Heat of boiling Water. 

Then to take the freezing Point of the Leaden 
and Mercurial Thermometers 5 and afterwards to 
graduate all the intermediate Decrees, from the 
Mercurial Thermometer upon the Leaden Thermo 
meter, as they occur. 

Thus a Standard Thermometer may be made to 
graduate others by ; but I will not now fet about 
it, fin cc .you have undertaken the Subject. 

His Remarks on the foregoing Paper. 

Page. 673. Thermometers muft be of excellent 
Ufe in Garden-Stoves; but foreign Plants muft not 
be kept in an equal Degree of Heat in Stoves, to 
that of their native Country; viz* becaufe they can- 
not bear as great a Heat in a confined clofc Aii% 
as in an open free Air. - 1 have been told of Coffee- 
Trees being killed here in England 'by this Miftake : 
Such Plants muft doubtlcfs be kept warm*, but not 

lb warm as in their native Country. 

p 

a 1 ■ ' ■ 1 ■ » ' n 

* I mould think it beft to leiTen the Heat in Stoves towards the Night, 
and fo to keep the Plants expofed to Ms Degrees of Heat a-nights than 
a-days, nay to vary the Heat daily, or to endeavour by Art to procure 
different Degrees of Heat, agreeable to the natural Viciffitudes of the 
Climate the Plants come from, having Regard both to the Seafons of 
the Year, and the State of .flowering or Fruaification of the Plants ; fo 
that the beft Way of ranging Plants in Green-houfes or Stoves is accord- 
ing to the Climates they come from ; for which Mr. Sheldrake's Tables 
above-mentioned, p. 674. mult be of excellent Ufe., C, ill 
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P. 6j6. \AUJoUd Bodies are obferved to contract 
it h Cold J} 1 have found that Wood docs not conrrad* 
or dilate lengthways with Heat or Cold. I am told 
that Mr. George Graham Lis about making] tins 
Experiment, as I am alio, iti order to regulate 'Pen- 
dulums. 

P. 682. I fear that Boerhaaves wet Linen, which 
is Co thin, may begin to freeze before all the Mer- 
cury or Spirit of Wine in the Ball of the Thermo- 
meter has the fame Degree of Cold: Tho' hanging 
there long before and after freezing will bring it 
pretty near. 

P. 683. \_A Rod of Iron 3 Feet long will have 
about ~ Inch Increafe'] or ~\~f^ Part. 



* » 



IV. A Continuation of a *Paper concerning 
Electricity, by William Watfon F. R. S. 
printed in thefe Tran£ N. 477, Article I. 
ending]). 501. 

/WFeb. 6 \S Water is a Non-cle&ric, and of 
1745 jljL confequencca Conductor of Electri- 

city, I had Rcafon to believe that Ice was endowed 
with the fame Properties. Upon making the Expe- 
riment, I found my Conjectures not without Foun- 
dation ; for, upon ele&rifying a Piece of Ice, where- 
ever the Ice was touched by a Non ele&ric, it 
flafhed and ihapped* A Piece of Ice alfo held in 
the Hand of an clcdrified Man, as in the before- 
mentioned Precedes, fired warm Spirit, chemical 
vegetable Oils, Camphor, and Gunpowder prepared 
as before. But here great Care muft be taken, that, 
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